A b s t r a c t Objective: Many Norwegian hospitals that are equipped with an electronic medical record (EMR) system now have proceeded to withdraw the paper-based medical record from clinical workflow. In two previous survey-based studies on the effect of removing the paper-based medical record on the work of physicians, nurses and medical secretaries, we concluded that to scan and eliminate the paper based record was feasible, but that the medical secretaries were the group that reported to benefit the most from the change. To further explore the effects of removing the paper based record, especially in regard to medical personnel, we now have conducted a follow up study of a hospital that has scanned and eliminated its paper-based record.
Background
It is widely acknowledged that the electronic medical record (EMR) has the potential to become the core electronic information and communication system in the health care sector. 1 With the assumption that EMR systems can improve both the quality and the effectiveness of health care delivery, numerous governments and health care provider organizations have invested in development and deployment of EMR systems. Despite these efforts, studies show both low adoption and failed initiatives. [1] [2] [3] [4] [5] [6] In Norway, a large proportion of hospitals have implemented an EMR system. Hospitals and systems, however, differ with regard to use and the perceived impact of the EMR system on clinical work. 7 Even though considerable achievements have been made in the spread of information technology in the health care service, widespread clinical use of EMR systems has not yet been achieved. 8 The reasons for this lack of use are not clear, and may vary from site to site, but some possible explanations exist. These include, for example, computer skills, 9 -11 the implementation process, 3, 12, 13 immediate benefit, 14 and the impact on time efficiency. 15 Elberg 16 raises the question of whether the EMR systems of today are too similar to the paper-based counterpart, focusing on automating existing routines rather than on innovations changing the way that things are done. Using an approximate electronic equivalent of the paper-based record may remove some of the advantages of the paper without taking advantage of the opportunities provided by a computerized system. 17 This suggestion supports the insights by Ellingsen, 18 who, in a study of everyday interdisciplinary work in a hospital, identified the EMR system as having reinforced existing routines rather than promoting new ways of working, noting the similarities between the document-based EMR and the paper record as a possible explanation for the lack of process innovation.
The above factors may all contribute to the use or lack of use of EMR systems, but one important issue is yet to be mentioned: most hospitals, having implemented an EMR system, still use the paper-based medical record in parallel, leaving users with an option whether or not to use the EMR system. 19 This, in combination with an EMR system based on existing routines, may make extensive use of the EMR difficult to achieve. Also, parallel use can lead to inconsistency between the systems 20, 21 and to higher overall cost; 19 the ultimate goal should therefore be to assemble all data into an electronic record only. 20 This is what has been achieved at Aust Agder hospital, Norway.
Basis for our Study
In 2001 Aust Agder hospital was the first hospital in Norway, and to our knowledge one of the first hospitals in the world, to scan and eliminate its paper-based medical record. Studies by Laerum et al 22, 23 concluded that scanning and eliminating the paper-based record was feasible, but that the initial benefits were mainly obtained by the medical secretaries. Also, physicians and nurses reported low satisfaction with the features of the EMR relating to the use of the scanned document images. Laerum et al 22 recommended that the images should be considered as an intermediate stage towards fully electronic medical records. Still, the results showed a greater degree of use than in comparable hospitals that used the paper medical record in parallel, especially in the retrieval of information.
Since 2002, several other Norwegian hospitals have, and many intend to, in varying degrees scan and stop using the traditional paper medical record. However, little research has been done about the effects of these changes, and exploring how medical personnel work in a paperless environment.
To expand this pool of knowledge, in the spring of 2005 we repeated the survey at Aust Agder hospital to explore changes in use and satisfaction in relation to the EMR. We were particularly interested in the changes among nurses and physicians, as they were the groups with lowest utilization in 2002. Also, we wanted to see whether the negative attitude towards scanned document images had diminished with the increase in routinely available electronic data. Lastly, studying a hospital with unique experience of being paperless, we wanted to see whether scanning is a feasible strategy in the move toward implementing the EMR systems of the future. To our knowledge, this is the first longitudinal study of a hospital that no longer maintains a paper-based medical record.
Materials and Methods

The Hospital
Aust-Agder hospital, now part of Sørlandet hospital, is a community hospital serving a population of about 100.000 in Aust-Agder County, southern Norway. The patients are admitted by primary care physicians external to the hospital and followed up by the hospitalists. The services the hospital provides are illustrated in Table 1 .
The EMR system
The EMR system in use (DIPS 2000) is both a hospital administrative system and an EMR system that support electronic workflow (Table 2) . 24 Only minor modifications have been done to the system since the last survey (for a description of the system also see Laerum et al.). 22 As for response time, we have no accurate data. However, a rough estimate at the time of study was about 5 seconds to open a journal note, and up to 20 seconds to open a full journal (personal communication). Also, the EMR system had planned down time about three to four times a year, up to 60 minutes, and one instance of server crash leading to a few hours of down time.
The EMR-system Implementation Project
Well funded, and with a strong commitment by both the hospital administration and the chief clinicians, the process of implementing DIPS started in March 2000. In April 2001, all except the psychiatric department started to scan documents (all departments were scanning at the time of study); hence all new patient data were channeled into the EMR system in these departments. The decision to withdraw the paper-based medical record immediately after introduction of the EMR-system was made right from the start, based on a vision that the hospital should be "paper free". Partly explaining that bold decision, an undertaking previously not accomplished by a Norwegian hospital, key persons in the hospital management had undergone medical informatics education. The CEO of the hospital had previously occupied a central position in KITH, a national center for informatics in health and social care, and thus one of the leading experts on EMR in Norway. So, the project was initiated with a clear intention of replacing the paper based medical record, and the administrative and clinical leadership convinced the rest of the organization to take part in this vision.
The Scanning Process
Upon admission to the hospital, it is determined whether the patient has an old paper based medical record. If so, the majority of its content is scanned and made available through the EMR as scanned multiple documents. As of early 2005 this process had to be done for 24% of the patients admitted to the medical department, the remaining either had this process completed at a previous encounter (63%) or simply did not have a paper-based medical record (13%). In addition to routine electronic data (searchable data entered directly into the EMR) and scanned multiple documents, an EMR might also contain scanned single documents. These are documents either coming to the hospital in the form of paper (e.g., a report from an external laboratory or a referral letter written by a GP that does not transmit these electronically) or are paper documents produced during the stay (e.g., the medical chart).
The Survey
Based on a questionnaire (available as a JAMIA online supplement at www.jamia.org) developed by Laerum, 25 the survey was carried out in February and March 2005. Some 33 physicians, 88 nurses and 30 medical secretaries from the medical department were invited to participate in the study. The response rate was 82%, 68% and 100%, respectively. Of these, 4 physicians and 10 nurses were excluded due to failing to complete the control questions, leaving the total sample for analysis at 23 physicians, 50 nurses and 30 medical secretaries, corresponding to response rates of 70%, 57% and 100%, respectively.
The questionnaire consists of eight parts: Part A covered staffing category and demographic data, part B was about computer experience, part C about availability of computers, part D about use of the EMR system during performance of central clinical tasks, part E about user satisfaction, part F about change in performance, part G about assessment of the system as a whole, and part H about organizational culture. Part H, as the only major change since the last survey, was deliberately located last so as not to interfere with the validity of the questionnaire (available as a JAMIA online supplement at www.jamia.org). Separate versions with the same structure, but a different list of tasks, were handed out to the members of the three professional groups involved. Examples of tasks included in the questionnaire for physicians are: "Review the patient's problems," "seek out specific information from patient records," "write prescriptions," and "complete sick leave forms." There were 20 tasks for physicians, 19 for nurses and 23 for medical secretaries. For a complete list of tasks, see the online supplement.
Analysis
The questionnaire had previously been used in a national survey among physicians 7 and in a local study at the same hospital as in our survey. 22, 23 To study the use of the EMR system as a function of time, questionnaire data obtained in the current study were compared with those collected from the same department in 2002. The department of internal medicine was chosen because a substantial proportion of its patients have chronic diseases, a history of multiple previous contacts and medical record documents. We believe the situation of the internists can be compared to that of other specialists and departments serving patients with chronic conditions. However, we cannot rule out that differences exist. SPSS 12.0 for Windows was used for statistical analysis. The user satisfaction score was calculated by adding the response values of the 12 questions in this section (part E in the questionnaire) and converting the sum to a percentage of the maximum possible score. The analyses of the rest of the questionnaire were, as recommended by Laerum, 25 performed separately for each question, using the KruskalWallis or Mann-Whitney U nonparametric analysis. Correlations were calculated using Spearman's Rank Order Correlation.
Results
Reported Use and Effect of the EMR System on the Performance of Important Tasks
1) Further increase in the physicians' use of the EMR system when performing clinical tasks related to the generation and storage of information:
Compared with data from 2002, just after the hospital had embarked on the project to remove the paper-based medical record from clinical workflow, the physicians now (2005) report a further, significant increase in the use of the EMR system for 11 of 19 clinical tasks, many of which are related to the active generation and storage of information ( Figure 1 ). In 2002, only a minority of the physicians reported using the EMR system when performing tasks belonging to this group. Back then, the system was mainly used for information re- trieval. As Figure 1 clearly depicts, physicians now report using the EMR system for a broader, more complete spectrum of the tasks. The exceptions are that the EMR system seldom is used to produce data reviews for specific patient groups, or to provide written general (not patient-specific) medical information to patients. In contrast to the reported changes in the use of the EMR system, there were no significant differences between 2002 and 2005 with regard to perceived change of ease in performing individual tasks when using the EMR system compared to previous (paper-based) routines. As in 2002, the respondents were generally positive about the effects of the EMR system for most tasks. Both now and in 2002, a substantial proportion of the physicians reported that a few but important tasks had become more cumbersome after the withdrawal of the paper medical record, and thus that the EMR system failed to support these tasks effectively. For instance, 22.7% of the physicians reported that to review the patient's problems had become more difficult. 40.9% reported that to order ultrasound, CT or x-ray investigations had become more difficult, and as for writing prescriptions and sick-leave forms, 31.8% and 36.4% respectively reported a decrease in performance.
2) Nurses reported both increased use and improved performance:
Compared to the 2002 study, nurses reported increased use of the EMR in 13 of 19 tasks (Figure 2 ; Mann-Whitney U; p Ͻ 0.05 in 5 tasks, p Ͻ 0.01 in 2 tasks and p Ͻ 0.001 in 6 tasks), and reported that the performance of 14 of 19 tasks had become more effective (Mann-Whitney U; p Ͻ 0.05 in 3 tasks, p Ͻ 0.01 in 6 tasks and p Ͻ 0.001 in 5 tasks). In contrast to physicians, nurses reported a general increase in EMR system use both for tasks associated with information retrieval and tasks related to the generation and storage of information. Nurses were the professional group with the lowest overall use in the 2002 survey, but now seem to have adapted to the EMR system and started to include its use into daily work routines. Accordingly, nurses report that the use of the EMR system has eased the performance of tasks compared to previous routines, the highest negative score being 6.1% for any task. 3) Status quo for medical secretaries: Medical secretaries reported increased use of the EMR system for the performance of three tasks (task 2, 16 and 17) and decreased use in two, compared to the previous study. As in 2002, medical secretaries were the group with the highest overall level of use. The median response for 18 of the 23 tasks was "most occasions" or more. The two tasks with decreased use ("locate the patient's paper documents" and "register referrals") can probably be explained by the diminished use of paper documents in general.
4) No decrease in use of scanned document images:
Despite more regular electronic data available, the physicians reported use of scanned document images (scanned single documents or scanned multiple documents) remained unchanged. In fact, nurses and medical secretaries indicated an increased use of scanned documents when performing certain tasks. However, for all tasks, physicians and nurses reported using regular electronic data significantly more often than scanned document images. Also, scanned single documents were used more often than scanned multiple documents. This indicates, unsurprisingly, that recently obtained patient data are used more frequently than (older) medical record data obtained before the introduction of the EMR system.
Users Are Most Satisfied with the Use of Routine Electronic Data
As in 2002, physicians were significantly less satisfied with the use of patient data archived as scanned images compared with the use of routine electronic data ( Figure 3) . This difference was also noted among the nurses, but not the medical secretaries (Figure 3 ). Secretaries were the group that was most satisfied with the system both now and in 2002. Physicians reported similar levels of user satisfaction to those in 2002, and were the professional group that displayed least satisfaction. Nurses reported an increase in satisfaction with both the features dealing with scanned images and those using routine electronic data from 2002 to 2005.
As for overall satisfaction with the system, no significant change was found compared to the 2002 survey, and the same tendencies continue to apply: medical secretaries report more satisfaction than nurses or physicians (Figure 4) . In all three professional groups surveyed, a considerably larger proportion of respondents were positive rather than negative about the effects of the EMR system.
A possible contribution to the differences in satisfaction between the professions as discussed by Laerum et al. 23 was 
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that physicians reported being more delayed or hindered due to computer errors or the slow working of the system than nurses and medical secretaries. This was also the case in our study (Mann-Whitney U; p Ͻ 0.01 and p Ͻ 0.001 respectively). However, both nurses and physicians reported being less hindered by computer problems now than in 2002 (Mann-Whitney U; p Ͻ 0.01). Still, the difference in satisfaction between professions was unchanged. Furthermore, we found no clear relationship between factors regarding availability and problems with computers and use, performance or satisfaction. Nor did we find any relationship with computer skills, which were unchanged for all professions compared to the 2002 survey, but fairly high. Still, due to the limited scope of our survey, we cannot rule out that such relationships might exist.
Discussion
In this study, we have found a further increase in the use of a hospital EMR system by both nurses and physicians over a three-year time span. This suggests that clinicians may need more time to include the system into everyday work than medical secretaries, but also that it is possible to achieve increased use of the system by physicians and nurses. So, even though the recognition of immediate benefits is important to accelerate use, 14 the system is not doomed to failure if the full range of functionality is not immediately utilized. Still, we see it as important that at least some features of the new system provide an immediate return, as was the case in the 2002 study. 22, 23 Also, we argue, time alone is not enough to accelerate use.
Despite the increase in use, there was no significant increase in factors such as computer skills, access to computers, etc. between the two surveys. Nor have there been any major changes in the system itself. Thus, the increase in use among clinicians seems to be independent of typical "hard" factors.
Still, it should be noted that most respondents in both this and the previous survey had adequate computer skills and good access to computers. However, our findings support the conclusion that factors such as computer skills, training, and a well functioning system are necessary but not sufficient factors for success. This is in line with Berg 13 who argues against focusing overly on such factors. Instead, we support Berg's proposal that the introduction of EMR systems should be seen as a mutual transformation process whereby the technology is affected by the organizational dynamic and vice versa.
As Laerum et al. indicated, 23 medical secretaries were the group that primarily got the immediate benefits of the EMR system. However, our results suggest that in time, and with continuing organizational focus, the EMR has also become a more accepted part of the everyday working context for clinicians. By removing the paper-based medical record from clinical workflow, clinicians are forced to adapt to at least parts of the EMR system. This is especially the case in regard to retrieving information. While the 2002 survey indicated a high level of use by physicians in tasks regarding information retrieval, our survey displayed increased use in tasks relating to the generation of information, tasks they are not necessarily forced to perform by the removal of the paper based record. For instance, a large proportion of physicians write short notes in the EMR system even though they can dictate and have medical secretaries do the transcription. Also, an increased proportion write sick leave notes and prescriptions using the system while they still have an option to use paper forms. So, our findings indicate that while scanning has been the main factor behind the increase in tasks regarding information retrieval, strong organizational commitment and focus is important to accelerate use in tasks regarding the gener- ation of information. This does not mean that organizational focus is less important in any part of the implementation process, nor that brute force will lead to both high usage and a well functioning system. Rather, it illustrates that turning the EMR into an integral everyday part of clinicians work is a complex process that requires both a functioning technology and an organizational development process. Also, it should be stressed again that the technology and organizational development should not be seen as separate processes.
As did physicians, nurses also displayed a split between generating and retrieving information, but instead of having expanded their range of use, as the physicians did, there seemed to be a more widespread adoption of the system among nurses. Even so, they continue to be the group with the lowest overall use of the system. There may be several reasons for this, including the fact that nurses are primarily concerned with direct patient care and so they may consider the EMR system to be interrupting rather than supporting their primary task. However, there is also the possibility that process issues may have contributed to their lower rate of use compared to the medical secretaries and physicians. The organizational focus at the beginning of the implementation process was directed toward the physicians and medical secretaries rather than toward the nurses. Also, many of the tasks relevant to nurses' documentation have only recently been converted to electronic routines. For a long time after the inception of the EMR system, many of the nursing documents continued to be paper-based, though subsequently scanned into the EMR system. So, from our point of view, the organizational efforts towards expanding the nurses' engagement with the EMR have lagged behind the attention given to the other professions, although increasing lately. We therefore anticipate a further increase in the use of the EMR among nurses in the future. This expectation is supported by the facts that nurses perceive most tasks as being easier to perform using the EMR system, and they have a positive attitude toward the EMR system as a whole. Also, we observe a national impetus to increase the status of the nursing profession, which has the corollary that nursing documentation is becoming a more central part of everyday work.
As for scanned document images, we expected a decrease in use as more routine electronic data became available. To our surprise, the results indicated no decrease among physicians, and an actual increase among nurses and medical secretaries. So, it seems inevitable that a minimum level of historical data are needed to obtain a proper overview of a patient's case history, and we expect the use of scanned multiple documents to be greater for patients new to the physician. In addition, data coming to the hospital from external sources, for instance referrals from general practioners and external lab results, often come in the form of paper and are scanned as single documents upon arrival. As for nurses, the increase in their use of scanned documents is probably due to their later transition to fully electronic data than in the case of the physicians and medical secretaries. Also, another possible explanation for our finding may be due to a weakness in the design of the questionnaire (available as a JAMIA online supplement at www.jamia.org). The wording of the question about the use of scanned data says "when you expect to find information in the part handling scanned documents.. . ." The results may therefore illustrate use when respondents expect to find relevant information, rather than relative differences between use of scanned and regular electronic data. Still, our results illustrate that historic information remains important for several years after the transition to a fully electronic system. This might imply that simply halting the updating of the paper-based medical record when implementing an EMR system is a less desirable alternative to scanning at least part of the record.
Is Scanning a Sensible Strategy?
Despite being at the forefront of development, as the first hospital in Norway that eliminated its paper-based medical records, the results from Aust Agder hospital did not indicate a radical change in routines compared to traditional work routines at hospitals. A possible negative contributing factor might be that the medical chart, the core tool for managing inpatients, still only exists in paper format and is scanned and incorporated in the EMR system after the patient has left the hospital.
The results of this study therefore indicate, in line with previous research 7, 8, 18, 22, 23 that there is still a considerable way to go before EMR systems contribute to the development of radical new ways of working and communicating in hospitals. Still, Aust Agder hospital in Norway has demonstrated the achievement of an important milestone in our quest toward the EMR of the future: it is perfectly possible to have a well functioning hospital with an electronic medical record only.
In our opinion, a major obstacle has been eliminated by ending the use of the paper-based medical record, and we argue that having a workforce familiar with working in a computerized environment makes further improvements easier to achieve. By eliminating the need for documentbased printouts for a paper record, an obstacle to the design of new EMR systems has been removed. Still, scanning alone does not lead to more innovative solutions other than eliminating the need for the paper record. As mentioned above, workflow is more or less unchanged, and the EMR system has more or less the same structure as the traditional paper record. We argue that to further exploit the potential of information technology in health care, we have to move away from the traditional structure of the chronological paper record, toward more tailored and structured data. This is especially important because of the ease of entering large amounts of data into an EMR system, potentially causing information overload. We perceive the EMR of tomorrow as consisting of data tailor-made to the specific context, combined with decision-support systems. Scanning historical data and thereby eliminating the need for a paper journal is a step in this direction, but an EMR system composed to a large part of scanned images is in our opinion limiting its potential. Therefore, even though it can sometimes not be avoided, we urge hospitals to have recently added data in a fully electronic form, not scanned images. Scanning the paper-based medical record is a potentially fast way to become paperless, and is necessary for historical data, but we will reach the true potential of EMR systems first when all contemporary patient data are produced electronically.
Further Studies
This study has demonstrated an increase in the use of a hospital EMR system over time, and indicates that organizational factors are the main explanation for this increase. However, what exactly may be implied by the term 'organizational factors' is less clear. Further qualitative studies are needed to get a deeper insight of how the organization has adapted to and integrated the EMR system into the daily work routines among health personnel. Also, in a broader context, it would be interesting to look into how EMR has affected performance and quality in terms of hospital administration.
Conclusion
A follow-up study at a hospital that has scanned and eliminated its paper-based medical record displayed increased use of EMR among clinicians, suggesting that they may need a longer time to include the system into everyday work than medical secretaries. However, no significant differences were found in factors such as computer literacy, access to computers, etc. which are often said to affect system usage. Nor have there been any major changes in the EMR system itself. This suggests that the core factors are merely necessary but not sufficient factors of success. What is needed, in addition to training and a well functioning system, is a continuous organizational focus on utilizing the system. Despite a fairly high level of use, the EMR system has only to a modest degree contributed to new and innovative ways of working. However, we suggest that having a workforce familiar with a computerized environment and not restricted to the paper-based medical record makes future innovations easier to achieve.
